SUMMARY This study was undertaken to formulate reliable confidence limits for the relationship between nocturnal and 24-hour urine sodium (Na) excretion for use in population compliance studies. Urine excretions were measured in 12 white and 12 black men at three levels of sodium (Na) intake (10, 200, and 400 mEq/day) for 7 days. Nocturnal Na, chloride (Cl), and Cl determined by titrator stick were all highly correlated (r2= 0.86, p < 0.001) with 24-hour U N .V. No significant difference could be attributed to race. Discriminate analysis revealed that the subjects could be categorized with respect to Na intake with accuracies of 95%, 90%, and 85% (low, middle, and high Na intake respectively) by means of two nocturnal urine Cl titrator stick measurements. In addition, two such measurements showing nocturnal U a V < 10 mEq indicated with 95% accuracy that 24-hour U Nl V was < 60 mEq. According to these data, measurement of nocturnal Na or Cl excretion is a useful means of assessing compliance to a low sodium intake, and the titrator sticks are a convenient and inexpensive tool. (Hypertension 4:494-498, 1982) KEY WORDS • sodium • chloride • hypertension • diurnal rhythms • nutrition T HE hypothesis that habitual high-sodium intake is a contributing factor in the development of arterial hypertension was first proposed in the Nei Ching,' a Chinese text that is the oldest known collection of medical writings. Since that time the hypothesis has been inferred from numerous epidemiological, clinical, and experimental animal studies.
T HE hypothesis that habitual high-sodium intake is a contributing factor in the development of arterial hypertension was first proposed in the Nei Ching,' a Chinese text that is the oldest known collection of medical writings. Since that time the hypothesis has been inferred from numerous epidemiological, clinical, and experimental animal studies.
2 " 13 However, in testing the hypothesis, it has been difficult to estimate individual sodium consumption; collection of multiple 24-hour urine specimens, use of dietary recall, and analysis of duplicate diets have been unsatisfactory research tools.
To find a precise method for estimating sodium intake, we first investigated whether the relationship between nocturnal and 24-hour sodium excretion might be different in whites and blacks. In addition, we evaluated simple means to assess compliance that could be used in the home as well as in the laboratory, and provide reliable confidence limits.
Methods
We recruited 12 white and 12 black men ranging in age from 19 to 32 years. They were either students at Indiana University or employees of the Indiana University Medical Center, selected specifically for their abilities in previous studies to follow instructions. They ate all meals in the Clinical Research Center, and were otherwise free to go about their business as usual. Their diet contained 10 mEq sodium, 80 mEq potassium, 80 g protein, 80 g fat, 370 g carbohydrate, 400 mg calcium, and 1200 mg phosphorus daily; to this was added 190 or 390 mEq sodium daily, as sodium chloride in solution, to provide either 200 or 400 mEq/ day sodium intake. Each subject ate either 10, 200, or 400 mEq sodium for 7 days; these levels of sodium intake were selected to reflect the range of sodium intake observed in the world's populations. l4 The order of the sodium intake was randomly assigned.
The subjects were instructed to collect all urine in four daily time periods as follows: 0600-1200, 1200-1700, 1700-2200, and 2200-0600 hours. Each subject received a known amount of deionized water each day; the volume of the unused portion was subtracted from the volume of the initial aliquot to measure the amount of water drunk. The subjects were advised that the amount of water they drank was being monitored, but received no other instructions.
The subjects were weighed every morning after voiding. Pulse and blood pressure in the sitting position were obtained before each meal by means of the standard indirect auscultatory technique (Baum, Inc., New York, New York). The same observers were responsible for these measurements throughout the study. Mean blood pressure was calculated by adding one-third the pulse pressure to the diastolic pressure. The fifth Korotkoff sound was accepted as the diastolic ESTIMATING SODIUM INTAKE/Lu/r et al. (Beckman Instruments, Fullerton, California) . Chloride was measured by titration (Buchler Instruments, Inc., Fort Lee, New Jersey) and by means of a chloride titrator strip (Quantab Chloride Titrator, Ames Company, Elkhart, Indiana). Each strip had a capillary column impregnated with silver dichromate that formed silver chloride when reacting with chloride ions. When the column became saturated, a moisture-sensitive signal across the top of the column turned dark blue. The column reading was converted to chloride concentration by means of a calibration table, the strip had to be immersed in the urine sample for 20 minutes.
The data were analyzed by parametric and nonparametric methods, analysis of variance, t tests, and chisquare analysis, as indicated. Repeated measures analysis of variance and paired t tests enabled each person to serve as his or her own control. The 95% limit of probability was accepted as significant. Data were expressed as mean ± SEM. Table 1 presents the effects of the three regimens on serum sodium, potassium, chloride, and creatinine, as well as body weight, mean blood pressure, water intake, urine creatinine excretion, and urine output. By repeated analysis of variance measures, it was seen that there was a significant interaction between all these variables and dietary sodium intake except for mean blood pressure, water intake, creatinine excretion, and urine volume. With increasing sodium intake, serum sodium concentration increased (p < 0.001), as did the serum chloride concentration (p < 0.001). The serum potassium and serum creatinine concentrations decreased (p 0.01). Body weight increased with increasing sodium intake (p < 0.001), but mean blood pressure, water intake, urine creatinine excretion, and urine volume did not change. Table 2 illustrates the 24-hour urinary sodium, potassium, and chloride excretion measured daily at each level of sodium intake. Urinary sodium and chloride excretion, which were highly correlated (r ^0 . 8 6 , p < 0.001) at all levels of sodium intake, achieved values indicating that homeostasis was attained after 5 days on each regimen. Inconsistent, albeit statistically significant, changes in urine potassium excretion were observed at the 10 and 400 mEq/day levels of sodium intake. Table 3 shows the excretion of sodium, potassium, and chloride during sleep. Again, nocturnal sodium and chloride excretion were relatively constant after 5 days on each regimen. The nocturnal chloride excretion, which was highly correlated with the nocturnal sodium excretion (r ^ 0.93, p < 0.001) at all levels of sodium intake following homeostasis, was also highly correlated with the nocturnal chloride excretion as de- termined by the titrator stick method (r ^ 0.94, p < 0.001). Chloride values determined by the two methods were highly correlated (r = 0.99, p < 0.001).
Results
After intake of each regimen for 5 or more days, the 24-hour and nocturnal sodium excretion were related to sodium intake level, as shown by repeated measures analysis of variance (p < 0.001). This relationship is depicted in figure 1 . The sodium excretion of urine collections obtained in the morning, afternoon, evening, and night correlated with the 24-hour specimens equally well. Because of the potential advantage of collecting nocturnal specimens in outpatients, analysis was centered on that collection. The relationships between nocturnal sodium, chloride, and chloride as determined by titrator stick and 24-hour urine sodium excretion were all highly significant (r 3= 0.86, p < 0.001) at all sodium intake levels, and did not differ with respect to slope. Figure 2 shows these data limited to 24-hour sodium excretion < 100 mEq/24 hrs. Since clinical application generally concerns efforts at documenting compliance to dietary sodium restriction, this portion of data was selected to permit a detailed assessment of the relationship and its 95% confidence limits when considering subjects excreting less than 100 mEq sodium daily. In addition, a nocturnal chloride excretion < 10 mEq obtained on two occasions indicated that 24-hour sodium excretion was < 60 mEq with 95% confidence. Discriminate analysis also revealed that after homeostasis was achieved, the subjects could be categorized with respect to sodium intake (low, middle, or high) by means of any two measurements of nocturnal chloride excretion, with accuracies of 95%, 90%, and 85% respectively. No significant differences between white and black subjects were identified. Discussion Assessment of dietary sodium intake has proved to be a major obstacle in satisfactorily addressing the hypothesis that high sodium intake predisposes one to the development of arterial hypertension, 2 " 13 or in proving that sodium restriction is clearly efficacious in the treatment of established hypertension. Three approaches previously applied have been dietary recall, comparison of duplicate diets, and analysis of 24-hour urine collections for sodium excretion. Dietary recall has been found consistently to underreflect sodium intake. Schachter et al. 15 found that dietary recall estimates were 11% lower than urinary sodium excretion, even in well-motivated subjects. The compulsive preparation of duplicate diets provides a close estimate of sodium intake, l6 but the application of such techniques in larger scale clinical trials or epidemiologic surveys has not proved feasible.
Although sodium may be lost from the gastrointestinal tract as a result of vomiting or diarrhea, and through the skin when sweating is excessive, under normal conditions the kidney is the only route for the elimination of sodium.
17 Therefore, 24-hour urine collections have been frequently utilized by researchers and clinicians to estimate dietary sodium intake. The major problem in obtaining accurate collections has been subject compliance.
10 -' 2 Moreover, obtaining sequential 24-hour specimens has proved inordinately difficult except with highly motivated patients. Investigators have therefore examined the utility of nocturnal or "sleep" urine collections. Such specimens are far easier and more convenient to obtain than 24-hour collections.
Three studies have considered the use of nocturnal urine specimens, 18 -"• ^ however, in two of the studies the results were based on the correlation coefficient observed between single nocturnal and 24-hour collections. In none of the studies was the actual sodium intake known. Reasonably high correlations were reported, which may in part be explained by the fact that the 24-hour sodium excretion necessarily incorporated the overnight sodium excretion in the measurement. The results were nontheless seriously affected by large intraindividual variations. Liu et al.
18 recently approached this problem by estimating the correlation coefficient of true mean overnight urinary sodium excretion with true mean 24-hour urinary sodium excretion. Since they identified reasonable consistency between these two variables, it would appear that multiple overnight urine collections may be useful in assessing mean sodium intake.
In the present study we corroborated the findings of previous investigators that a good correlation between nocturnal and 24-hour urine sodium excretion can be obtained. Our results extend previous observations since we were also able to draw correlations between nocturnal and 24-hour urine sodium excretion and known dietary sodium intake. In addition, we provide reliable confidence limits for the nocturnal 24-hour urinary sodium excretion relationship over a wide range of sodium intakes encompassing the intakes observed in the world's populations.
14 At the end of 7 days, at each level of sodium intake, the urinary excretion rate still overestimated sodium intake at the 10 mEq/day level and underestimated sodium intake at the 200 and 400 mEq/day levels of sodium intake. At the latter intake, this underestimation approached 18%. It is possible that even longer periods on the diet may be necessary and that homeostasis had not yet been achieved. Kirkendall et al. 21 studied eight subjects receiving similar sodium intakes for 4 weeks while hospitalized in a metabolic ward, and observed similar underestimations at 210 and 410 mEq/day levels of sodium intake. It is not known if fecal losses accounted for the discrepancy. The urinary excretion rate nevertheless approached the intake sufficiently well to be of clinical utility. The wide range in sodium intake was well tolerated. The changes observed in body weight and the failure of blood pressure to be influenced across this range in sodium intake have been previously described.
21
In earlier studies assessing the utility of nocturnal or 24-hour urine sodium excretion in estimating sodium intake, investigators did not examine the potential influence of race.
"
20 Prior studies from this laboratory suggested that the relationship between nocturnal and 24-hour urine sodium excretion might be different in whites and blacks. We observed that black subjects excreted a rapid sodium load more slowly than agematched white subjects. 21 Furthermore, black subjects failed to exhibit a diurnal variation in glomerular filtration rate, which was observed in age-matched white subjects. 22 However, the results of our present study suggest that when estimating dietary sodium intake no adjustments need to be made because of race when assessing the relationships between nocturnal or 24-hour urine sodium excretion.
The use of urinary chloride determinations to reflect sodium intake was employed by Ambard and Beau-
